We report a 72-year-old man with Waldenström's macroglobulinemia (WM) in whom diffuse large B-cell lymphoma ( 
Introduction
Waldenström's macroglobulinemia (WM) is a slowly progressive, low-grade B-cell lymphoplasmacytic lymphoma characterized by a post-germinal center phenotype such as CD20 and CD19. Although the clinical course of WM is usually indolent, the disease may rarely transform into a more aggressive B-cell lymphoma, which is thought to have a very poor prognosis despite intensified treatment (1) . Recently, there is evidence that treatment with the anti-CD20 monoclonal antibody, rituximab, is effective in patients with CD20 + B-cell lymphoma (2) and in WM (3) . We report a case of WM in whom CD20
+ diffuse-large B-cell lymphoma developed and was successfully treated with CHOP chemotherapy plus rituximab.
Case Report
A 55-year-old Japanese man was first admitted to a nearby hospital because of general fatigue and headache in October 1984. A diagnosis of WM was made based on the presence of monoclonal IgM protein of 52.9 g/l and proliferation of lymphoplasmacytoid cells in the marrow. Treatment was successful with plasmapheresis for hyperviscosity syndrome. The patient had improved and was treated with monthly plasmapheresis without any cytotoxic chemotherapy over a period of 17 years. In December 2001, he complained of the persistent fever. In January 2002, he was referred to our hospital on emergency because of the hypovolemic shock due to severe dehydration by persistent fever. On physical examination, he had massive splenomegaly. He had no signs of hyperviscosity syndrome. The hemoglobin concentration was 12.7 g/dl, platelet count 230 ×10 9 /l, and white blood cell count 6.51×10 9 /l with 58% neutrophils, 12% monocytes, 24% lymphocytes, and 6% eosinophils. Serum lactate dehydrogenase level increased to 571 U/l (normal range, 119-229 U/l). A bone marrow aspirate was normocellular with 39% abnormal lymphoplasmacytoid cells, which was positive for CD19, CD20, CD38, HLA-DR, surface IgM (sIgM), and kappa light chain (Fig.  1A) . Serum electrophoresis revealed an increased level of IgM (23.1 g/l) and monoclonal IgM kappa. Computed tomographic (CT) scans of the abdomen showed marked enlargement of the spleen and a retroperitoneal mass (5×5 cm) ( Fig. 2A) . Since the patient presented with marked deterioration in performance status, aspiration needle biopsy of the retroperitoneal mass was chosen instead of the laparatomy. The specimens showed diffuse proliferation of abnormal large lymphoid cells that were immunohistochemically positive for CD20, sIgM, and kappa light chain, consistent with a diffuse large B-cell lymphoma (DLCL) (Fig. 1B) . Thus, the patient had stage IVB disease of DLCL with high risk on the International Prognostic Index (4).
Initially, the patient was treated with standard CHOP regimen consisting of 50 mg/m 2 of doxorubicin intravenously (iv) on day 1, 1.4 mg/m 2 of vincristine iv on day 1,750 mg/ m 2 of cyclophosphamide iv on day 1 and 40 mg/m 2 of prednisolone orally for five days every three weeks. After four courses of CHOP, treatment was effective with resolution of fever, decrease of serum IgM values (from 23.1 g/l to 9.0 g/l) and reduction of the abnormal lymphoplasmacytoid cells in marrow (from 39% to 8%) (Fig. 3) . His spleen was also decreased in size from 12 cm to a palpable edge below the costal margin. CT scans showed a significant regression of retroperitoneal mass (from 5×5 cm to 1×1 cm; 96% decrease in the sum of the products of the greatest diameters (SPD)). A bone marrow aspirate showed 8% lymphoplasmacytoid cells, and no infiltrate of lymphoma cells. Thus, this patient was assessed as attaining a complete response (CR) on the criteria of International Workshop (5). However, the residual mass still remained at the retroperitonum (Fig. 2B) , and several reports have stated that the prognosis of DLCL from WM is very poor despite cytotoxic chemotherapy (1, (6) (7) (8) (9) (10) . Thus, we conducted a trial of treatment with rituximab plus the remaining courses of CHOP. The patient received rituximab, at a dose of 375 mg/m 2 from day 1 of the 5th course of CHOP. He was treated every week for a further 3 courses of rituximab and the 6th course of CHOP. After treatment with 6 courses of CHOP and rituximab therapy, CT scans showed that the retroperitoneal mass had completely disappeared and the spleen was decreased to the normal size (100% decrease in SPD) (Fig. 2C) . A bone marrow examination showed 2% lymphoplasmacytoid cells, and IgM was reduced to the normal range (Fig. 3) . These examinations revealed the patient maintained CR for both DLCL and WM. At this time, 17 months after the diagnosis of DLCL, he is disease-free without any treatment, for both WM and DLCL.
To elucidate the clonal origin of DLCL and WM, DNA was extracted from the biopsy specimens of the retroperitoneal mass and the bone marrow, and amplification of the rearranged immunoglobulin heavy chain gene was performed by polymerase chain reaction (PCR). A single rearranged band was documented in the PCR analysis of bone marrow. PCR amplification was unsuccessful in the biopsy specimen because of degraded DNA.
Discussion
WM is an incurable, but generally indolent and slowly progressive low-grade lymphoplasmacytic lymphoma. The median survival of patients with WM averages 5 years (11) (12) (13) . Although the incidence is relatively low, chronic lymphoproliferative disorders can transform into a more immature and aggressive B-cell malignancy from a welldifferentiated one. One representative example is Richter's syndrome, an aggressive DLCL arising in patients with chronic lymphocytic leukemia (14) . Similarly, patients with WM can undergo transformation into DLCL, and the prognosis of DLCL from WM is very poor, despite cytotoxic chemotherapy; the median survival was reported to be only 2 months (1, 6-10). Accordingly, intensified chemotherapy supported with autologous or allogeneic stem cell transplantation is necessary for this disease. However, these therapies would not be well tolerated by the majority of patients with WM because WM occurs at a median age of 63 years.
Since the chimeric anti-CD20 monoclonal antibody, rituximab, has shown efficacy in the treatment of indolent lymphoma (2), rituximab alone or in combination with other agents has been evaluated in many other B-cell lymphoproliferative disorders. Recently, a randomized study demonstrated that CHOP plus rituximab significantly increases the rate of complete response and improves overall survival in elderly patients with DLCL compared with CHOP alone (15) . An encouraging result has also shown that rituximab is active in patients with WM (3). In these trials, rituximab was well tolerated by elderly patients, and the addition of rituximab to CHOP did not increase toxicity. Based on these data, CHOP plus rituximab was employed for the present patient since the malignant cells of both DLCL and WM expressed CD20 on their surface. Recently, however, tumor lysis syndrome (TLS) resulting from rituximab has been reported in patients with B-cell malignancies (16), especially leading to a sudden rise in serum IgM and viscosity levels in some WM patients (17) . The present patient did not develop TLS because of the well-controlled IgM levels by the repeated courses of plasmapheresis before admission and the reduction of WM cells by the preceding four courses of CHOP before rituximab therapy. Therefore serum IgM levels and symptoms of hyperviscosity should be closely monitored for WM patients undergoing rituximab therapy.
We could not prove whether or not WM and DLCL in the present patient shared a common clonal origin. In this case, the lymphoma cells carried sIgM of the same isotype and the same light chain type as those detected on the WM cells, suggesting that DLCL might have been derived from the same clone. However, Chubachi et al (7) and Kogawa et al (10) reported that an independent clone was responsible for the development of DLCL in their patients with WM. These observations raise the possibility that DLCL is a second neoplasm arising from several risk factors associated with WM, such as destruction of the immune surveillance system, advanced age, and cytotoxic drugs. Treatment of such patients with chemotherapy plus rituximab may be feasible and effective when CD20 is expressed on both WM and DLCL cells.
